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ABSTRACT

" This paper investigates, through the use of analysis
of variance, the possible extension of use life of U. S.
Army T-10 Troop type main parachutes., The U, S. Army
Natick Laboratories, located in Natick, Massaghusetts,
furnished data acquired from destructive testing performed
on 105 7-10 reserve parachutes and 110 T-10 main parachutes,

Recommendations are made for a two-year extension

of use life bsyond the current ten year limitation on T-10
main parachutes. Other recommendations are alsc made
concerning revising military specifications and centralizing
gf parachute test facilities. The reader is also rsfarrgd
to Part Two of this report which develops a controlled test
plan to be employed in future testing of parachutes in an
effort to cbtain an optimal use life while minimizing the

number of parachutes to be tested, .
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CHAPTER 1
INTRODUCTION

Description of the Problem
In Fabruafy of 1973, the U, S, Army Aviation Command
Headquarters, loceted in St. Louis, Mis#ouri. initiated a
new testing program concerning the agé-life extension of
air items, whick included méin parashutas, reserve para-
chutes, and ocarachute hsrnessss, Recently, the U. §. Army

Natick Labqratqriés.~ldcbteﬁ'in Natick, Massachusetts, by

‘the use of ‘a sampling and.tésging program, extended the
 usefyl serviggﬁlifu of T-10 reserve pbrachdtss te 12 yeors
_:fram date of ﬁanufacture_and_of'T-lO persunnel parachuta-

‘harnesses to 13 years from date qffmanufsctuia; Natick

Labqrétbriés is néw'ccndudtiﬂg o similar'testing_pragram.

. ‘upon T-10 troop-type main parachutes in:an,erfc:g_in'qutify'_

& compareble age-life sxtension as wes'&eneifor the. reserves.

Naiick'e-pléns include designing a prograe which will call

- for continual sampling into the futurs with fhehprésuwpgian

of'soméday justifying even further éxtené;qﬁsrof service

life."lﬁ-the naai. T-10 personnesl parachdterassemblias '
have bsen kept in eervice for either 10 years or for 100

jumps, uhicﬁavgerccurred firet, It has been recusmended

Athat the 100-jumﬁ:1imitation be vemcved as it cannot be

'sunporied by engidds:inq deta, In the future, it will no




longer be necessary to keep count aof the number of accrued
- jumps per parachute. |

Natick Laboratories has subsequently completed
‘destructiva testing of 110 T-10 main personnel parachute
assemblies and has supplied this data to the author for
statistical analysis. In ad&itian, the results of destruc-
tive testing completed on 105 T-10 reserve personnel nara-
chuts assemblies, which had been tested previously, wers
also supplied to tha author.~

Examination of the data concerning the physacal
Dropéftxrs of the canopy.material.is the subject of this -
repcrt. In é-suppiamentafy repett;:liétad'as Part II,

'ihvestigatian of susaension line and. riser data will be.

"- un$ertakgn and tecommended teat proeeduras and methods are

_ d§annped f@x the purpose of future parachute testing,
‘DuQexiptioﬁ of the T»lG'Parachuté
Thn milxtary uses of the pa:achute are vatisd and
 coup1ex, but the one aost eouwunly reccqnized is its
assaciation with the Army paratrooper, Virtually all
~military jubps are doad in zass drbps and wake use aof the
static line type of deﬁloyueut. The Army also has sooe
spedially trained'grcupt hf paratroopers who ;ts preficient
in free vall ind skydiving. In the case of static line

depioy-ant. the paratiodper's parathute opens imeediately

ENAL gL e e e e
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upen his exit from the aircraft, The parachute is designed
to get the soldier to the ground as quickly as possible
while maintaining a-safe rate of descent, 7o expeditera
rapid descent to the ground, military a@i-craft generally
drop the paratroopers at an altitude of 1500 feet, T-10
parachutes are capablas of withstanding tremendous forces
" and 3 very larga;#a?ety'Factar-is included in their design.
The parachute is subjected to its maximum fcrces_after the
jumper has gone through a period of ffea fall, during which
- hiy velooity has>increased‘ Ta the case of high-apéad’jet
alrcraft ejgetians.'?ree<fall ié necassary priﬁf,go the
opening of the parachute., Tha immadiate opening of the
‘parachute at'high jet speeds could very easily injure the
© jumpesr or destroy the'pagachdte. A f%ﬁe fall allows the
ju&garvta'dacexérats to a safe opening speed. while &llowing
kim tb fall to o lower 8liitude, thus lowering his chances of
injury from cold temperstures, from exposute to lower atwos-
ﬁhnkicrprqssure,land frém oxygea starvatior. An autowatic
opening device is aften used to releeﬁé the parachule at a-
areéet_altitude and is designed to function at & certais
breﬁcribed a&mospheric uressure,
The étatic iine type or military perscnhnel type
psrachute requires no action by the soldiet except to exit
the aircraft.- The static line is fastuned to thke airplane

and it pulls the parathute cenopy from the gack o

it Lo
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deployment bag, and then breaks away as the parachute
deploys. The soldier's weight provides the activating
force while the static line ana a portion of the pack
remain attack=d to the airplane. For all training or
aother premeditated jumps in the military, the main para-
chute is worn on the back and an emergency reserve para-
chute is worn on the front. Both parachutes are attached
to the same single harneass,

The U. S. Army T-10 troop-type parachute is the
standard rig currently used for military paratroopers. The
T-10 consists of seven major components; the static line,
the pack, the deployment bag, the canopy, the suspension
lines, the risers, and ths harness,

The static line, as previcusly indicated, is used
to automatically open the pack and thus releass the

parachute, The assembly consists of a heavy length of web-

'bing, whinh is usually eight feet or more in length and has

~a tensile break strength of at least 4000 pounds. At one

.and of the webbing is a heavy snap fastener which snaps
’:Qénto-an aircraft anchor ring cable and at the other end is

~the steel ripcord cable and pins,

After the paratrooper lecaves the aircraft, the
force on the anchoiud static line pulls the ripcord pins

from the cones and unlocks the pack, The pack is ths only

i s e, vt et e e 1 4 e 4 e
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non-load-bearing part of the total parachute system and it
functions to contain the suspension lines, canopy, bag, and
harness. It is made of rugged, durable canvas or of heavy
nylon and is supported by an internal metal frame with

several spring stiffeners. Military packs vary in size

and shape and may have two or more locking cones depending
on the design.,
The deployment bag is best described as a safety

device to insure that the jumper does not become entangled

2 e N NN T AT IO AR A

with the canopy during the opening of the parachute. It
also SETVES to discourage canopy and suspension line
entanglements by allowing the lines to deploy prior to
releasing the canopy for inflation, It has the shape of a
pillow case and the canopy is simply S-folded and methodi-

cally stuffed into the bag,

The T-10 canopy is a 35 foot nominal diameter, 10

percent flat, extended skirt type. It narrows to a 34 foot

A R R R A

diameter at the bottom edgse, or skirt; and is best described

as a nylon cloth polygon of 30 sides constructed in a para-

b s am b e e e

bolic shape. It consists of 30 gores (similar to a pie

sliced into 30 equally sized pieces) with each gore
consisting of five panels., (See Figures A and B.) The
canopy consists of over 1300 square‘feat of nylen cloth

connected by about 3700 yards of nylon thread in well over
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750,000 stitches (25). The five panels of each gore are
identified by the numbers 1, 2, 3, 4, and 5, starting at the
skirt edge and proceeding up fhe canopy to the apex., Simi-
larly, the gores are numbered from 1 to 30. Diagonal seams
are cut and sewn at a 45 deqgree angle to the centerline of
the gore, This is known as bias construction and is used
to provide maximum strength and elasticity. The skirt and
apex vent hems are reinforced with one inch nylon webbing
to insure that a tear does not completely separate ths
canopy.

The suspension lines on the T-l10 parachute run
continuously from a connector link near the harness up
through ths canopy to the apex, and then down the opposite
side of the cancpy to another lower connector link., Since
the lines are continuous, only 15 separate lines are ueed'
to form the suspension line network, although it appears
that 30 lines are used when viawihg the parachute from the
gkirt of the canopy to the connector links, The radial or
main seams of the canopy enclose the suspensior linss, but
they are only sewn to the canopy at the skirt snd apex vent
seama, The suspension line it;elf is mads up of several
nylon cords coversd by a loosely wovan nylon sleeve, The
greatest strength comes from the inner cofds.

At the ends of the suspension lines are short strips

b et it a4 e




of nylon webbing which connect to the harness. These are
known as the risers. Attached to the risers are the guide
loops and knobs of the steering controls while the free ends
of the risers contain the male fittings of the canopy
releases, The canopy release is designed to quickly releass
the canopy and risers from the harness whenever necessary.

The harness forms a sling about the jumper; it
primarily consists of the main 1ift web on which the jumper
sits, two leg straps, one chest strap, crossed backstraps,
and sometimes a lateral backstrap. All of the metal fitting
on a parachute are known collectively as hardware. They
are made of cadmium-plated steel and have minimum load
requirements set at about 5000 pounds tensile break
strength (25).

Virtually all military pilot and plane crew para-
chutes now have automatic opening devices (since there is
no reserve worn for emergency jumps) in the main packs,
while the militery paratrooper may heve a similar device
located in his reserve chute pack. Thess davices opsrate
barometrically and in the case of the airman, the device
also has a timer that operataé in cace of an ajection at
a lower altitude than the one sat on the apaner, In the
past, when the paratrooper had a parachute.maifunction,

the normal procedure was to manually deploy his reserve

.
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parachute. On many occasions, the reserve chute would
-:i become entangled in the main chute during the deployment,
The U, S. Army has recently developed an automatic opening

device which deploys the reserve chute by the use of a

AR LI Lo s

SRR Pt

gas-fired projectile. The reserve parachute is fired to a
full extension perpendicularly out from the body of the
jumper, which allows it to inflate without the risk of its
entangling with the main, This has nearly eliminated the
chances of a double malfunction causad by the two chutes
becoming entangled, which is ona of the major causes of

death in both sport and military jumping.

by Fene T - I AL e e IR

Malfunctions are not a common occurrence in para-

[

chuting, although an alarming number of people believe that
a parachute jump is like flipping a coin, in that you have
a 50-50 chance of survival, In reality, a malfunction is.

an oddity which is seldom, if ever, witnessed by the average

an e e
R ¥ WA I - T TR

paratrooper, In the military drops of thousanda and
thousands of troops each year, the number of fatal jumps

E can be counted on one hand, During thes ysar 1973, for
example, there was only one f{tality from a military static
lina deployed jump, Moreover, fatalities inevitably occur
from operator error or from poor packing procedures, In

the last seven years, thasre were over 2,040,000 Army paras-

{
;
o

troopsr jumps, and during that period, there has been no

-




e S L BT AN MRARS I I L IV IV ac N = LG ANt L STRNRSSAA me | yavta i s L BT sren e s el P AT S 1L RN Sra g GRS R A - TS ¥ AT S 1
1

"

8

g

K]

1 :

N

recorded failures of canopy material, suspension lines, or
risers due to strength deficiencies. In fact, an extensive
examination of Army, Navy and Air Force jump records has

failed to produce a single instance of injury, at any time

period, attributable to such failures,




CHAPTER II
PARACHUTE DESIGN CONSIDERATIONS

To determine the types of strength tests that should
bé performed on a parachute, it is necessary to understand
some of the forces that the parachute must withstand during
the opening sequence. All parschutes are designed and con-
structed with the old idea that a chain is no stronger than
its weakest link, Each componant of the parachute and its
attundant connscting links, from ths saddla ﬁf the harness-
to the apex of the canopy, must be capable of cerrying ita
shara of tha paak stress load which occurs during the
cpening, During the deployment of the canopy, theres are
actually twu,dist;nct forces: inatch foxpa-and opening
shock force, 1

The snatch force is the shock produced an tha para;
trooper when the parachutn assembly ia fully strung out and :

- is suddenly baing occulerct-d. or towed, tn the same spesd
as the parstrooper. It occurs just prior to the apening
shock fo:cﬁ. Tha auaponnion line tensicn resches a3 peak
stress value priox to ganagg‘ipflgtinn and then drops
momentarily. The shetcﬁ fnrce'il—depcndant uboh both iha
difference betwean tha velocity of the paratroaper and the
velocity of the cinopy assembly when the tucp.noiqn lines

are fully extended, ard the dray area of the entire assenbly

12
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at full suspension line extension. The U. S. Army uses bag
deployed canopies as the snatch force is considerably reduced
due to the canopy being lass developed, or opened, at the
time of full suspension line extansion.. Actually, the

canopy does not emarge from the bag until full extension

has been achieved., The semi-aluatié-proparty of the sus-

ey

e L e T

pension lines is instrumental in absorbing a subatantial
amount of the jolt caused from ths snatch forcs, Switlik
Parachute Company tested a canopy with highly slastic lines
~ over 25 years ago and, although the snatch furce Qas coniid-'
TQrably reduced, the lines proved to'bi imp?octicil due to
' §old weather cauiidq.fhsm to_boboma brittle. Experimantation
_:hoi llap3bennrdono unrnon-otriﬁéh lines and has shown that
l;ihb -hoigh-force_to'tho‘jumporrand'iu tho.parachpt- are T
Jihcrclecd troé.ﬂdously. ‘thtch force is also reduced by
'decrilsing thqrauopbniion line 1aﬁqth,,and-by using light«
weight nylon (since when lasss wiight aupg be accblo:ittd.
less force is qonoritod); | »
| The second distinct force is ths opening shock,

1

t

%

i
~which is the decslerating forcs exerted on the peratrooper 3
. _ §

: . . - o M . N ", e, N -
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following the snatch force. It is caused by the acceler-
ation of the open canopy and {ts entrapped volume of air,
It is directly proportionsl to the c.nopy'Q fi11inq rate

which in turn is depsndent upon the parocsity and size of
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the canopy. The greater the porosity and the larger the
size of the canopy, the longer it will take to fill with
air. Each canopy shape has its own opening characteristics
regardless of the weight of the paratrooper or his velocity.
To raduge the opening shock force, several methods may be
employed, >Theoratically. an increass in filling time dis-

tributes the drag force over y_gieatc: period of time and

of distance, and thus effectively reduces the opening shock

force. One'notho&lbfiichiiéing:thia_nffa¢$ is to increase |
the'porooity of the canopy, i.s..’by-inérea.ing the rate of
air flow throuqh thu fabric of thl canopy, th:ough the apex,

 _0: through similar manufsctured slots, The parmesbility of
‘the fabric is thcn an inpo:tant dcoign cuncid.rition in
- cgnopy construction, Anathpr mathod which: way be cmp;ayed,

" along with tht'nethad_juéi.hqntiunld; is to increass the

size of thn'eanopy. which in turn inerocnin“tho'fiilinq time, -

I?ﬁn inﬁar&'eurvnd skirt of the paréholie f—lo ccnopy'allawu
less air to autlr and thuc p:ovtdnn a furthex docroau. in

"?tllinq time.

Thc:u is v.ry little avnil: li-dnta 83 to the
nqncriellrvalugs of the forena experienced upon & #arachutu
cenopy Qﬁd“it-'co-pou-ntn,during the opening cycle. Howaver,
some testing has bsen done on straight-deployed (no bag '

 pack), 26 foot flat circular psrschutes and on bag-deployed
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28 foot flat circular parachutes. Mcasurements were made

at the risers, using a 200 pound weight, of the forces

experisnced a%t a taiminal velocity opening, Keeping in mind

that the T-10 is a'bhg-daployad 35 foot flat circular para-
chuta, an indication of the attendant forces may be |
ascertained from the graphs in;Figu:e C and Figure D (25).

Figure C shows the forces sxperienced by the straight

deployed parachute which qhbws that ths snatch force and the

opening shock force occur almost simultansously, and that

fvthe snatch force is the gtoatcr; rnuehiﬁg [ p.tk 6f'arpund,'

': 1800 pounds. fhbvutefglnssp,of bag.dqplnyadnt can be seen

on’inshectiun of Figure D, Tha ju-ptr; at his maxiau»'frce

-f’fcll velocity, oxpe:iencnc & nmeximum force of around 1200

"pound- as thc bag dnvxcn slows dowu the ‘opening of the para. -

chutc. and spauio the !natch foreo and the opening :hock

force further apurt. Since the parctroopcr has slowed

sliqhtly duging deployasant, thare is xuso diff.raatial air

spped to contend with, Alnq. since ths two forces follow

‘wach other rather then take effect at the sasa time, the

strain oo both the paratroopar snd the parechuts is reduced.

- The snatch force and the opnning shock force are,
in realicy, such less on the pn:a%rocﬁer exiting & wilitary
aircrafe nnd_iqu:ppnd with & Y10 serschute. The T-10's
inmediate inflotionAqnd the paratrobyc:'n {ov vulécity st

Tt ot
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the time of exit from the aizcraft both serve to keep the
dif ferential air speed very low. In addition, the 35 foot
diameter and the parabolic construction of the canopy work
to effectively reduce both snatch force and opening shock
force significantly below those of the 28 foot canoﬁy shown
in Figure C and D,

The U. S. Army Test and Evaluation Command has élsu
accumulated some data concerning the types of forces experi-
enced by the parachute during airdrop at high altitude drop
‘zunas. Instrumented tests of opening farces cgn a T-10 main
parachute at 11,000 feet altitude recorded a maximum opening
force of 2340 pounds, A similar test on 24 foot diameter
T-10 reserves at 11,000 feet altitude recorded a maximum
force of 4162.9 pounds (21)., This data is part of service
tests performed mn(parbénnel and cargo chutes under severe
test conditions and is not representative of the forces
experienced during an average deployment,

This chapter on parachute design consideraiions is
supplied so. that the reacer will better understand the
forces involved in parachute fynctions. Further analysis
of the implications of these forces and strength degradation

due to age life .ill be reserved for Part Il of this rsport.
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CHAPTER III

2

TEST PROCEDURES EMPLOYED

[N m\v;r IRALLS

Procedures:Used'éi Natick Laboratories
There are numerous tests, both destructive and
nondestructive, which are available for the purpose‘of
_festipg parachute canopies and assemblies. It is question-
- :able whether any cne test is better than another and, for
fthis reason, the general procedure is tc use a combination
éof several tests, For the original tests, which were
iperformed on the population of reserve parachutes, Natick
jLaboratories chose to use break strength, tear strength,
fand air permeability experiments. Air permeability tests

jwere discarded by Natick during the second testing program, ;

:which was performed upon the main parachutes, as they . g
appeared to have little, if any, correlation to actual
comporsnt and material strength. As a result, only break
Istrength and tear strength tests were berformed on the
main parachutes, and these tests provided six independent

data sets for the canopy material., In an effort to devise

P

_a conventional method to understand fabric structure, the
canopy material is compared to square-ruled paper. The

square ruling forms a matrix which involves both the ;

arrangement and marking of the individual squares, and the

network of the intersecting lines which are at right angles

19
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.to each other. In the matrix, a vertical row of squares is

referred to as the warp yarn (running parallel to the panel

seams) and is designated as an end. A horizontal row of
squares is referred to as the filling yarn (crosswise to
the warp) and is designated as a pick (23).

The break strength tests were performed in both the
warp and filling directions for each sample, and also, the
percentage elongation prior to break, in both warp and fil-
ling directions, was recorded at the same time. The tear
strength tests were also performed in both warp and filling
directions,

The canopy material tested for both the reserves
and the mains was Type I (weight 1.l ounce/square yard)v
rip-stop wsave nylon as described in military specification
MIL-C-7020. The Qaave pattern for Type I canopy.material.
has reinforcement ribs in both the warp and the filling,
which form a pattern of squares as shown in Figure E (31),
There musf be a minimum of 6.5 repeats of this uniform
pattern per inch and it serves the purpose of preventing
rips and tears from easily spreading throughout the canopy.
A partial listing of required physical properties of Type I
nylon are shown in Table 1 (31).

In accordance with military specification require-
ments, Natick Laboratories tested five specimens in each of

the warp and filling directions for each sample value given,

'&WW it e St Yl G i o S 1
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- TABLE 1
L} ‘
1} . .
3 Physical Propertiss of Type I Rip-stop Weave Nylon
Kt Property Requirement
{
: Weight, ouncen per square yard, maximum 1.1
t Thicaness, inches, maximum .003

Breeking strungth, rovel strength,

L 3 pounds per ingh, mimimum
' g Warp 42,00
S : “illing 42.00
 : Elongation, per cent, minimum
i warp 20

Filling 20
Tearing ;trength, tonrue, pounds, minimum

Warp - ‘ 5,00

Filling ' 5,00
Air permeability, cubic feet per minute of

air per square frot of cloth 100220

Yarns per inch, minimum

Warp ' 120

Filling 120
Twirt, turns per inch., minimum

Warp 5

Filling 222

L
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S ;i.e., each sample value given is the average of five
;individual tests.
In the breaking strength and elongatiﬁn (ravel
strip) test, a specimen was prepared by cutting a rectangu-
; lar shape of canopy material one and one-half inches in
width by a minimum of six tc nine inches in length. The
gpecimen was then raveled down to exactly one inch in width
; by removing equal amounts of yarn from each side of the f
% .strip as shown in Figure F (31). An Instron tensile test
1 machine, which contained 2 load and elongation recording
; mechanism, was then used to break the strip of material.
1 ;The machine was adjusted to run at a uniform rate of speed
% of approximately 12 inches per minute, After the specimen
é was placed in the jaws of the Instron tester, a slight
: tension was appliéd to the material to remove the looseness
and wrinkles, The breaking strength and the pesrcentage

slongation of the sample was then calculated from the

|
i
3
g

average of the results obtained by breaking five specimens,

Wy oo

The tear strength (tongue) test involves preparing
a specimen of parachute canopy material, which is three
inches in width by & minimum of eight inches in length,
with the short direction parasllel to the dirsction being
tested, A three inch cut or tongue is then made perpendi-

cular to the short side and the spscimen is then rsady to

Yo, T

ba placed in a tensile testing device, Natick made use of

SR AT I S L L o RN e S

e

§
1




24

FIGURE F

. BREAK STRENGTH SPECIMEN
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the same Instron tester far the tear strength tests by
placing one tongue or strip of the specimen in each jaw

and then tearing the specimer for a distance of three to
four inches. Tearing strength was then recorded as the
average of the five highest peaks of resistence registered
during the tear. Figure G (31} indicates how samples for

a tongue tear test may be cut from a parachute panel, This
is precisely the same procedure that is used to cut samples
for the break strength tests and, as explained previously,
the tearing of these ten specimens will praovide two sample
values to be recorded, one in the warp dirsction and one

in the filling direction,

Natick Laboratories has, in the past, conducted
many test programs upan parachﬁtel and has publishad |
numerous reports concerning the results of thaselp:dgramc;
Very little useful information was taken from the previous
publications from Natick, as well sas from other sources,

~due to incomplete data listings, different types of

et e ,

parachutes tested, different types of tests ussd, and tha ‘ €

fear of the introduction of additional effects in the
anslysis of variance expsriments performed in this report.
Use of other data would have bean compromised by having
besn collected by different operltori. by having been

recorded by the use of different machines, and so forth,

T T e
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FIGURE G

LAYOUT DESIGN FOR CUTTING SAMPLES
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& Procedures Used by Other Facilities
: An extensive amount of information concerning the
testing and anslysis of parachutes over the years by various
arganizations, both military and civilian, is avajlable
from the Defense Documentation Center located in Washington,
. C.

The most useful information provided by sources
other than Natick Labs was that obiainad from El Centro,

specifically the reports'publiahed by Mr. Jay Hoone

{2, 3, 4, 5). WNr, Boone reported on tasts performed on
183 parachutes which rangad in age from new tc 15 years,

Of 18 parachutes in the l5-year ald'grobp, only six ;tili

retsined sufficient breaking strength to aeat.uilitl:y

e R ST A A ST, T T e

specifications, but luss of strength was not detected in

tesr or burst strengths. He concluded that no effect

., T
o~ 3

could definitely be ascribed to sge. or to fatigue caused

oy

by use. furthcr; he suggested that the useful service life , [

S N WS

of a parachute should be counted frowm the time of opening

of the containers in which they are psctked upon shipeent

fron'gﬁe sanufacturer, s there is often a two year
waiting period before opening.

Although the types of tests conducted, the types of
parachutes tested, and the neaber Jf testing facilities

were many and varied, snalysis of test results and conclu-
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sions derived therefrom were all very similar in nature.
The author reviewed numerous selected reports and publi-

cations and, in addition, visited various parachute test

" facilities located at the U. S. Army Natick Laboratories in

Natick, Massachusetts, the U. S, Naval Aerospace Recovary
Faciiity in €1 Centro, California, and the U, S, Air Force
test facilities at Kelly Air Force Base in San Antonio,
Tex#a and at Eglin Air Force Base in Fort Walton Beach,
Florida., The repetitious nsture of all the test programs,
publicptinni, and rnaqlis revip&od was clearly svident,
Although use was not made of the dats collscted

from other facilitiss, it was interesting to note tha many

tasting proeeduréo which sre available for use in pafachutu

strungth analysis.  In sddition tu the tajti'describnd. and.

used in this report, use could have also been msde of burst

‘ .utronqthltouts,'saaa strength tests in both ssctionsl and

rtdial'diytetionu. tearing enerqy tests, fluidity tesis, '

~ fatigue tests, sbrasion tusts, and air permeability tait-,

~ Thers are criteris for use with climatic chambers to test

resistance tc light, ﬁoat. color fastness, permansnce of
finish, sffects of humidity, dnd efiects of varicus dyss, 3
In short, it is e science within itself to detarmins which
tests arﬁvviablc. ' | '

A complete bibliogruaphy of relsted studisa on pare-

éhut; strangthy, sge life studies, etc., is included at the
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erd of this report,
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CHAPTER 1V

ANALYSIS OF DATA

Appendix F contains a complete listing of the data

on both the reserve and the main parachute populations

which was supplied to tha author by Natick Laboratories,

This information wds recorded cn 741 computer cards using

6% columns an each individual card, Etach card reprusented

one'sampla.'and an explanation of the type of information

and card column location is provided as follows:

Coluamn )

Coluans 2.7

 Columns B8-12

Colusns 13-17

Columns 13-22

This coluwn was used to recerd the
type of parschute using the code 1
for reserves and the code 2 for
cains,

Serial number of the parachute, A
Break strength in the watp direction
and rccof&e&lin pound#. A blank
space in this column in the listing
in Appendix F indicates that there
was not e value recorded for this
aauﬁlq. This procedure is followed
throughout the Appendix,

Bresk sirength in the filling direc-
tion :ccorded in pounds,

tlongation at the time of break,

0




31

warp direction, recorded as a puvv-
centage, |

Columns 23-27 Elongation at the time of break,
filling direction, reco;dad as a
percentage.

Columns 28-32 Tear strength in the warp direction
recorded in pounds.

Columns 33-37 Tear strengfh in the filling direc-

| tion recorded in pounds,

Column 38 Location from which thé paiachute
was obtained, Numbers ware used for
coding purposes with number 1l repre-
sentihg'Fert'Bpnning.:numbar 2 regre-
Yums, Arizona, number 3 :apraaentiﬁg
Fort bragg, number 4 representing
Alaéka. tnumsber 5 repressnting Soch-
aast Asia, and-nuuber’é representing

the Canal Zone,

Coluans 39«40 TYhe numbar of the gora from which

R e
4 B i R I ORI o R

the cample was taken,
Colusns 41-42 The panel from which the sample was

obtained,

ARGty s

Colutins 43-45 The age, racorded in months, of the
parachute frow the date of manufac~

ture to the date of the test.

C el Celile MAMMGRTSTae St ame 0t o s
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Columns 46-48 The number of recorded jumps for the
parachute., A blank in the column in
Appendix F indicates that this infor-
mation has either been lost or des-
troyed.. A zero in thé column indi-
cates that the parachute has never
been used fer a jump,

Columns 49-51 Break strength of the suspension
lines recorded in pounds., A zero
for this entry, as well as for the
remaining eniries discussed below,
indicates that a value was not
recorded.

Columns 52-55 Suspension lins elongat@qn et the

| time of break.and :ECQréed as 3

percentage. o A »j- - A

Columns 56-59 Break strengﬁh.of the'¥i:§§ErﬁSé; \ -

' and recorded iH.poundsii.‘¢ ‘

Columns 60-63 uB:éak_etrenéth_pf ¥Hé aé&oﬁd ri&é;
and ;ecqrdaé invpodhd;.__“f'hﬂ

Columns 64-66 'Age of the first riser, recorded in

m_ani‘:hén from the date. of manufacture

D G P PRV

torthe'dété»df iest,_ Although the”'_

risers a:&-a‘pErmanént hart of the

canopy assembly, it was found that
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they usually had a different date of
manufacture from the canopy.

Cblumns 67-63 Age of the second riser, recorded

in months, from the date of manu-
facture to the date of test.

This data deck will be maintained on file and is
available to interested parties.,

Appendices A, B, €, D and E contain descriptive
statistics which were calculated for various combinations
of the information and data supplied on the computer cards.
There were 105 reserve parachutes tested from which 201
samples were recorded and there were 110 main parachutes
tested from which 540 samples were recorded, Each DT the
five appendices provide information concerning the variable

under test (break strength, elongation, or tear strength),

. population size (N), mean value, standard deviation, variance

and range of values for the population under consideration,
In appendix A, the parachutes are compared by type, i.e.,
whether the sample was taken from a reserve parachute or

from a main paraschute, -In.Appendix B, the entire parachute

;Apopulation is examined as a function of age only. The age

of the parachutes, from the date of manufacturs to the date

"liof test, varied from.sik“ta twelve years. In Appandix c,
descriptive statistics ére~provided as a function of both

;.type;af bérachute and the pénel'from which the sample was

: ;aguwwm«&ﬁm\qmmmm‘::»im.qg\:-»}nﬁ;fwm\"(!“’ff“““‘f‘f“"‘“"““‘""‘""" R
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taken, This analysis was undertaken to check for strength
losses in the higher panels of the chutes as compared to

the lower panels. During the opening of the chute, a much
higher stress is subjected to the panels near the apex than
to the panels located near the skirt., In Appendix D, an
investigation of the parachute population is recorded as a
function of age and type combined. Finally, in Appendix E,
the parachute population is compared as a three-way function
of type of parachute, age of parachute, and panel location.

The purpose of these five appendices was to provide
the author a starting point from which te determine an
experimental design for further testing. 'A large number of
roughly drawn graphs wére used to check for trends and
correlations and to decide what type of statistical tests
should be perforﬁed. Appendices G through L are used to .
record the results of a number of analysis of variance
experiments that were designed and implemented as a result
of the sthdy of Appendices A through E.

Due to the inaccuracies associated with simply
inspecting graphicel representation of datas, analysis of
variance was chosen as the statistical procedure to be
employed in analyzing the data in Appendix F, Analysis of
variance has the advantage of taking the total variation
contaeined in a set of data and reducing it into the compo-

nents which can be associated with possible sources of
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variability, i.e., it separates the variation that may be
present into individual components and then these components %
may be analyzed in order to test certain hypotheses. Analy-
sis of variance then shows that the variation between
sample averages is or is not commensurate with the variation
of the population, If the between sample variance is sig-
nificantly greater than the within sample variance, it can
be concluded that the samples were not, in fact, drawn from
the same population (12).

The variance ratio test, or F test, is used to
check for significant differences., The variance ratio is
defined as F, which is equal to the greater estimate of the
variance of the population divided by the lesser estimate of
the variance of the population., The greater this variance
ratio, the less likely it is that the treatment means are
equal, since ideally the F ratio should approach unity.
Tables have besn created showing the value of F which will

be exceeded with a civen degree of probability for various

sample sizes. Such a table was used to check for signifi-
cance in each of the analysis of variance tests performed
in this report (19), ‘

In Appendices G, H, and I respectively, a single-
factor analysis of variance was performed first on the
reserve parachutes, then on the main parachutes, and finally

on a combined population consgisting of both, The single
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factor considered was the age in years of the parachutes,
from the date of manufacture to the date of destructive
testing, as defined in Appendix B, Each Appendix contains
the analysis of variance table with the "between years"
variance defined as "YEAR" and the "within years" variance
defined as "RESIDUAL" or "ERROR", The F values as found
for each of the six different variables in each of the
three populations are shown in Table 2, along with the cri-

tical F values at the one percent significance level (a=,01).

The results of these single factor experiments were useful
in that block designs, i.e.,, an equal number of replications
per cell, were not necessary and, therefore, the entire set
of data was included in the tests. The results of the tests
were surprising as the reserve parachute population showed
significantly greater strength losses with age than did the
main parachute population, In all casas, with the exception
of the elongation warp in the combined parachute population,
the hypothesis that the mean strength valuss at each age
period are equal was rejected at the one percent level, In
fact, most of the values are significantly larger than the
corresponding critical F values at the one percent level,

It was expected that the main parachutes would show greater
strength variation due to their much more frequent exposurs

to the alementa_and to the repeated stresses suffered as a
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result of their use. The reserve parechutes spend most of
their use life in the container with poriodic repacks being
the only exposure to abuse that they receive. The initial
implication is that using a parachutes frequently is much
better for its maintaining constant strength properties
than in not using it at all. This theory islSupportad by
the U, S. Navy Aerospace Recover; Faciiity in El Centro
since, in a number of their pubiicationa, they have noticed
an increase in strength of nylon due to 2 work hurdening
effect caused by the strains of the opening shock (4 ). An
inspection of Appendix D which describes the descriptive
statistics of the parachutes by type and by age shows that
in the earlier yesars, the rese:ve parachutes have consider-
ably better strength properties than the mains but these
values fall off rapidiy in the later years.l During this
period, the values of the mains appsar to remain fairly
constant when crwpared with the values of ths reserves,
Further statistical analysis sppuared necessary as the hypo-
thesis if equal msans cannot safely be rejected using a
compistely randomized design without first testing all
sources of variatiun,

To atﬁ?mpt to-inolate‘the sources of varistion and
reduce the error variance estimate, it was necessary to

parform a sscond analysis of varisncs., The tabulation of

ey
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these tests is given in Appendices o and K. A randaomized
complete block desijn was decided upon and was achieved by
selecting data cards from the complete data set which would
allow for equal replicaticns within cells, In Appendix J,
a two-way analysis of variance was pesrformed upon the reserve
parachute population using sample location (panel number)
and aqge as the two factors, A guod design could be accom-
plished only by having two replications per cel due to
fewer tests having been performed on a per parachute basis
in the reserve population, This analysis was run primarily
as a control since the results were needed only for the
purposs of comparison wiﬁh the ressults of the same analysis
run upon the main parachute population, |

The pansls were included as a facto:: since a3
stated previously, poatrof the decelerating forces asso-
ciated with ths opening of the parachute are concentrated

in the panels near the spex whila the panels near the skirt

ety ot

"of the chute é?p-riencc very littlnAstrain. The purpose of
this procedurs was to deturning if these high strain rates
cause significant loss or gain of strength properties in

~ localized aress of the canopy, and in so doing, determine
the importance of recording the number of jumps ta which »
parachute has been subjected, QObviously, the pansls on a

reserve pasrschute would be expected to show no significently

P e e P
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different strength properties, since the average ressrve
parachute will never be used for jumping except in an
emergency. In Appendix K, the same analysis was run upon

a selected portion of the main parachute population which
contained five replications per cell, Since there were

two factors of interest in this design, not only could the
individual effects of age and panel location he detsrmined
th alsoc their interaction, What this determines is whether
or not an older paréchute experienceq a significant loss

or gain in strength in certain areas of tha canopy during
opsning shock while a newar parachute might not, or vice
verss, Table ] on the next page gives the F values reccrded
from Aépendices J and K, In this table, double asterisks
(**) are used to indicate significance st the ane peicont
confidence level and single asterisks (*) are uéed to signi~
fy significance at tﬁc five porcent»éonfidpncn level.

The results of the two-factor experiments, ‘isted in
Ttblc_B._combare favorably with the resnlts'obtained in the
previous single-fictor ixperinehts in that the years' eff:&t
is clearly shown to be mﬁr. pxynounced in the reserve para-
chutg population than in the main parachute pophiitian. Iﬁ
only one case {tear strength fill) was significant losses

of strength shown betwsen psnels, As shown in ths uable,

this occurred at the five percont confidencas level in the
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rescorve parachute population, Obviously, this strength
variance covld not have been caused by the effects of
jumping, since the reserves ars generally never used. Only
the break strength warp_in thé main parachute population had
a8 larger ¥ value for yeara'! effect than the respective
reserve parachute population, ?hie was contrary in what was
observed in the single-factor experiment for the same
variable, Although paxt of this dJiffereance can be attri-
butad to different population sires and sssociated degrees
of fresdom, the importance of sesrching for trends over the
entirs tast range is emphasized rather than drawing conclu-
sions froe results obtained from any_single vcriéble analy-
sis, | .

A-Ihe £ns1its of the tuo-faétor experinents having
aqqiniinplicd tﬁat uaé may be better for a pttachutcras
obpo;ud to non.bsn,’tihcn the .liﬂl~ﬁlva lo:n'iignificant
‘strength vafiation ovor»i period cf,tin@. 8 thrct~fictor

Csxpariment Qam'Sesiqnnd to be perforwed upon the main para-
.chute population, A_rindu-i:ed complete block design was
agsin used with the factors to.b. considered being age,
bancl lucagion. and number of julps. Since there are ﬁo
jumps recorded for reserve parachutes, they were excluded
fros this snalysis. This analysis was pqrfarucd to bettﬁ:

determins the affect of jumps on strength losses. A ncw
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set of data rards was choéen with five repliceations per cell, .
Only 215 samples were used in this experiment dué tc a sube
stantial amount of missing information concerning the number,
of jumps, The fact remained that the main pérachutas still

had lower avarage strength vslues than did the rsserve para-

P L

PRT

chutas, since ths only conclusion which could be reached
from the previous testa was that strength losses occurred

'more rapidly with age in the raserve populaiion than in the

bt o R e SRR

 main population. ‘In Appendix L, the resblts of the three-
factor analysis are sﬁown and a summary of the F valuas
- with indicsted levels of significance is given in Table &,
| As équcted. thery was o consistently significant
diffarence for the éffecg of years at the ons percent level.

© What was not expected was a similar significant effect

_rtraéelblc‘to the factor of jumps, The affect of t&* Jumpa

AT, AR ong

wis pronounced in every case at the ore percent level sxcept
~ in theAcaio of the ulbngation f1ill tsst.'uhich‘qgn 23 88 the

only case which did rot show some 9iqﬁificinc¢ 4{@;%ké

B ]

effect of years. A yesrs and jusps intersction wus detected
at the one percent level in both elongetion tostr'and in

both tesr strength tests. No intersction at all wes cdstected

/_,.'A,M,,’m;«i,,,‘,,.,@y.h.;.,.,A R L TR PR

in the breask strength tests., Ths implication of this inter-

sction is that either the older or the nawer pstachutes ars

AR I VR e Mmoot

o

morg affected, s to strength lozsss or gaina, froa the
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lﬂm@W%#amwwwﬁﬁhem

Variable

Elongation Fill

Tear Strength Warp

Tear Strength Fill

Effect
Years

Jumps
Years-Jumpsg
Panels

Years-Panels

- Jumps-Panels

Years-Jumps-Panels
Years

Jumps

Yesrg~-Juaps

Panels
-‘Years-Pasnels
Jusps-Panels |
Years-Jumpg-Panels

Years

CJumps

Years-Jdumps
Panels
Y@ers-Pcnels
Jumpsoﬂanuit

Years-Jumps-Panels
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effects of being jumped,

If the results of the three-factdr Bhalysis could: be -

assumed to be correct, the number of jumps yuuld-have to be
accepted as an important criteriavin'deféimining Ebe“ags"
life of a parachute for useful purposes. However, ;ubse-
quent to this test, it has been discoﬁeféd that most of the
logbooks of the parachutes, in which the number of jumps are
recorded, are in themselves very.inaccurate, At the time of
issuance of the pafachutc, a logbook is included in the

pack and is supposéd.to remain there throughout the use-
life of tha parachuts., Each jump for which the parachute

is used is then supposed to be recorded individually in

this book. Virtuaily all of the original logbooks have

been destroyed or lost. The general corrective procedure

is then to issue a new logbook and to allow ten jumps for
each year from the date of manufacture oftEE'parachute. A
close inspection of the data in Appendix F verifies the sus-
picious nature of many of the values for juﬁps when compared
with age. Typically, a new logbook for a parachute of around
seven years of age would carry, the entry "70 jumps carried
over from first logbook" and then mighf have threes or four
individual jumps recorded. Approximately 40 percent of the
parachutps reflected these similarities of jumps proportion-

al to age.

B T 2 L PR
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Since many of the jumps have more or less been coded
to reflect the value of the years of age, the jumps effect
l'"-'  ! could then carry the same significant difference levels in
any analysis of variance results, i.s., an increase in the
number of years of age of a parachute is nearly always

accompanied by a parallel incremental increase in the number

B I T

af jumps. However, the effect is too pronounced to be

rvea—t oy g i g
. .
wih

disregarded. %
The logical conclusion must be that the data con-

cerning the jumps included in this report is highly unreli-

able., This only increases the importance of the two-factor

and one-factor analyses which compared a population of para-

chutes (veserves) in which the number of jumps were known

to be near zero to a population of parachutes (mains) in

which a number of jumps were known to have been accumulated.

,J/ PSS

i St Y e i 5

The results of the three-way analysis, however, still cannot

O T L N i Ty DN S sl A 00 NP3 AT P9 BT TR Ay M P A0 3 4 p

be disregarded as they are in direct contrast to the results

of the single-factor and double-factor sexperiments.

In one of the Natick publications by Cowie and

Yelland (B8 ), a single-factor analysis of variance was per-

formed, using the number of jumps as the treatment effect.

This was the only previous instance of the use of this

procsdure for testing purposes that the author could findj;

however, the results of the Cowie and Yelland experiment




were of doubtful worth since they failed to realize that an
age effect was also present., The parachutes were chasen
only as a function of the number of jumps present and no

effort was made to determine dates of manufacture.
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CHAPTER V

RECOMMENDATIONS AND CONCLUSIONS

Summary of Recommendaticns
The following recommendations are made as a result
of the analysis of the data in this report and of the
analysis of information accumulated from supplementary
i sources:
L : (1) An immediate two-year extension to
l the current ten-year age limit on
g fz T-10 troop-type personnel parachutes,
i | This two-year extension should give
sufficient time for recommendation (2)
- to be completed.
g (2) A controlled test plan, as will be
,/{ designed in Part Il of this report,

he immediately implemented in an

SOV U SIS

N effort to justify further extensions :
: of age life. :
(3) Current military specifications be :
revised to include two separate sets
of requirements: one to maintain

quality of parachutes received from

the manufacturer and one to limit ) f
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age life on used parachutes,
(4) Centralization of all parachute testing into
one tri-Service facility should be investi-
gated and effected,
Justification for Immediate
Age Life Extension
Investigation of U, S. Army records for the past
seven years has established that there were over 2,040,000
military paratrooper jumps during this period, With an
average of_over 291,000 personnel jumps per year, the records
indicate and substantiate the fact that there has never beaen
a fatality due to sub-standard fabric strength (21). If the
total population of parachutes used during this period could
be determined, along with the average number of jumps per
chute, a very accurate reliability prediction model could be
developed, This is an area of recommended study in Part Il
of this report, and even with the data currently on hand,i,e.,
2,040,000 jumps without a failure, the logical conclusion
must be that the current age life limitations are much too
confined. An immediate extension is further justified due
to the highly reliable reaerve'parachute back-up system,
This is not a hazardous decisiocn to make, since in any
type of parachute system failure, either canopy panels or sus-

pengion lines wculd be expected to be the first components to

it ot e e s A 1w s ke s 3 s tgn mwaeae e e e e e s




fail, as evidenced by tests at Eglin Air Force Base and at
El Centro, California, In the Eglin tests, Overage T-10
parachutes were tested to determine the feasibijlity of
converting them into cargo chutes. A large number of
failures due to panels blowing apart were encountered when
high velocity (over 300 knots) drops were attempted. How-
ever, damage was usually limited to just one or two panels,
and this would not necessarily cause loss of an intended
cargo., El Centro managed to break as many as three suspen-
sion lines, without canopy damage, at 300 knots in airspeed
and achieving an opening shock force greater than 5000
pounds (21 ). The El Centro tests were conducted on 24 foot

diameter T-10 reserves and, even with the broken suspension

Al e e o

: lines, the descent rate was not affected. ;
Based on the results of these tests at Eglin and
£l Centro, it was noted that failures usually occur indepen-

dently and not all panels or lines will fail at the same

RS e e el

time, Initial failures then should do little more than

B AT

cause an accelerated rate of descent to the paratrooper.
In case of too high of a rate of descent, deployment of the

reserve would be initiated. The author has witnessed a

[ - SRR A TR R

numper of cases, in sport parachuting, in which jumpers
have had panels blown out or suspension lines broken during

; a8 jump and they still landed safely, discovering the damage
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only by postéjump inspection, These blown panels and broken
suspenion lines were not due to strength losses, but rather
to poor packing procedures, as svidenced by melted material
around the panels and aon the lines. When a suspension line
becomes trapped over the top of the canopy during opening,
it will often rip down the canopy with a tremendous force
thus burning through the panel and, in many cases, the line
also. Baesed upon the number of recorded jumps in the past
seven years and upon the perfect record of no failurss, it
is not unrealistic to snvisage a considerable increase in
the current age life restrictinns, With an improvement in
storage conditions, testing techniques, and maintanance

programs, sven a much greater extension could be justified,

Development of a Controllsd Test Plan

In Part II of this report, a recommended test pro-
cedure will be developed for parachute strength analysis.
Unfortunately, experimantal design for the purpose of
hypothesis testing has sesmingly never been employed in any
past examinations of parachute populations, If the correct
method of designing an experiment and than collecting data
as dictated by that design had been instituted, much more
reliable results could havas been obtained in a much shorter

pericd of time and using a vastly smaller number of para=
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chutes. Collecting random data and then attempting to
build an experiment around that data is a totally unaccept-
able procedure. A controlled environment experiment, in
which parachutes of known ages, and having been used for
no jumps (such as reserves), could be augmented both for the
purpose of a8 hypothesis test and for the construction of a
reliability prediction model. The parachutes might, for
example, be subjected to varying numbers of jumps by use
of a parachute jump tower and sslected strength tests could
then be performed.

Utilization of the test plan #s presented in Part Il
could conceavably establish, for the first time, a rsliable
determination of the safe use life both as a function of

sge and jumps,

Military Specifications
One of the alarming facts associated with current
military specifications is the manner in which they were
derived, The minimum requirements were established in an
effort to insure high quality fram the manufacturar; how-
ever, this was accomplished of ter determining what type of

requirements the manufactursr could easily meet »nd not

as a result of an analysis of structural require~snts, It
was feared that lowering specification requirsments to what

might be actually required would be accompanind by 3
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reduction in quality from the manufacturer. As a result,
the parachutes are probably tremendously over designed.

An interview with one individual at Kelly Air force
Base, who participated in the original drafting of the
military specifications for parachutes, confirmed that the
strength standards were established on the basis of what the
manufacturer could safqiy produce and not on the basis of
what amount of strength is required. The fact aven remains
that some reguirements have heen raised over the years {3)
rather than lowered, yet there has never been a ruecorded
fatality due to sub-standard fabric strength (21),

The current physi;éi properties resaquirements might
safely be reduced for the purpose of extending useful service
life of the parachute if only an accurate setimste of strength
requiremeﬁts could be obtained, 1If tﬁih were dons, the b
réquiramenta as now found invmilitsry standards could still
b&'kept as s method of maintaining wuality at the manufac-
turing level, while the new requirements would be used or

pasrachutes already in service for the purpose of awssuring

use life, . _ ?

Herging of Test Facilities
There has been numerous programs of testing over the
years by all three branchss of the Service. Thess tests

have all been Qery simjilor in;scopa and method, in that they
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have compared the existing physical properties of the para-
chutes to the existing requirements as outlined in military
specifications, Centralization of all parachute testing
would greatly reduce the redundancy now being experienced.
Establishment of a single facility in charge of all testing

{ of parachutes for all threse Services would greatly reduce the
number of personnel required and the wholeéale destruction

of parachutes,

Conclusions from Analysis of Varience Tests

The analysis of varisnce test: have demonstrated that
there are highly significant differences in the physical |
proparties of_gaxachute canapies for differant age periods,

Grapnical analysis of the dats in Appendices \ through €

vwtnecir o

illustrated the lack of confidence which sust be plsced upon

iy oy

the current sample collection and testing procedures,
Values fiuptuatad noticesbly between age periods for the

different variables, and in many cases lo..r strength and ‘ S oa

B v R T

elongation values were recorded for the nawer parachutes as

; opposed to the oclder parachutes.

One conclusion that can be drawn from these tests is

that the cessation of the recording of the nusber of jumps

o S L Y A ST e s LR

per parachute cannot be justified from an engines<:ing stand

~ g g g

point, Although many entties in the parachute lagbocks may

o alE
Pl L g A

be missing or ambiguous, enocugh of the dats apuests sccuiate
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to seriously raise a question concerning the highly signifi-
cant differences found in £he three-factor analysis of
variance, Since the iﬁplications of the results of the
single-factor and doubla-factor experiments are in direct
contrast to ths results of the three-factor experiments, no
conclusions can be made except that & more controlled data
collection process is needed.

Unfortunately, the analysis of the true forces

experienced by the canopy, suspension linas, and yisers

during the deployment sequence is extremely difficult,

There have been attempts to iheoreiically analyze these
forces (28, 29), however, experimental verification of the
results are next to impossible %o obtaan. due to the multi-
directions} dint:ibution of the forces throughout the come
ponents of the parachute.- Actually it i3 very questionable
whethar any af the destructive tnstinq procedures now
exployed ars really sufficient indicators of parachute
relfadbility, It has-bcen suqqestcd by studies conducted at
€l Centro (4) that thé Surst strength test aight well grove
to be the most efficient and relisble test procedure ta be
used upon the parachute canocpy, since tha'garachuta naterial
is tested as a complete structute andrthe results reflect
ths resistance to tupture q! iﬁo materf{al in all of the
principsl stress direcgidhi combined. Again the question

remaing, thquh.:as to what cinimue allowable strength
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should be maintained while developing a valid risk-cost
équation.

_ Until such & technique is devised to accurately
eatablish minimum physical éropsrties requirements for a
paréchute, the results and conclusions of all current testing
pfoqrams and the minimum physical properties standa:ds. as
estebiished:by military standurds and othar asgencies, must
be trested as puralyfconjeﬁture.

| Fut ure &031V$38 af var;ance experimants micht include
a design to snmpara regerve parnvhutes directiy to mein
pa:achutesvaihcut haviﬁg ta»é:nw ﬁasu&pt;cﬂs from the size
of‘the F uald&s; "Suchla'desigﬁ wasAﬂat pﬁi#ihl& iﬁ~£h* §
report due to. unequoi nuaber af r&ﬁl;catiOhs por ceii far
the data rgccrded.~_xn additiuh. it »ﬁ: n@ted An gne of .
£) Cen‘:u‘s reporte that acrachutus ﬁanuftutur:d aftey 1966
were nade n€ a new uxtra~w;olct °eaistaht yétn; and this
effect wes not included es & factax in ihy of the eapeti~ :
sents in this report due to léck of infnr&ation._ Thé aaag~
fecturer froa which each partchute was nhtain@d wos rct cen~
sidered & factor, as all of the acnufacturets purchese thcsr.

materials and,caupongntn from the sase souices.
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APPENDIX A

DESCRIPTIVE STATISTICS BY TYPE OF PARACHUTE

(RESERVE PARACHUTES VS. MAIN PARACHUTES)

Reserve Parachptgg

‘Variable N Mean  Std, Dey.,  Variance
Break Strength (warp) 201 47,16 3.95 15,62

{Renge = 38.00 to 62.00)
Bresk Strength (fill} 201 45,30 4,52 . 20.48

tRange = 25,00 (> 56,00)
€longation (warp) 20 21,93 3.76 14,18

[fange = 13.00 to 34.,20]
€longatice {fill) 201 28,96 | 31.19 14,43
[Renge = 16,0 to 36.00]
Tear Stremgth fwarp) 200 1.08 ~ 0.95 0.9

[Range « 3.10 to 10.80)
Tear Strength (fill) 200 é.78 1.0 1,02

{Renge - 2.30 to 10.80)

Main Pacachytes

Variable ' 8  Rean Std, Jdev, Variancs
Break Strength {warp) 525 42,8t 3.03 14,49

[Range = 26.50 to 55.00]
Break 5::nn§th {(rill) $2% 4a4.1¢ 3,75 TRIE
[Rangr ~ 25.50 to $3.30])
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Variable N Mean Std. Dev. Variance

Elongation (warp) 525  25.29 4,34 18.90
[Range = 15.00 to 44.30]

Elongation (fill) 525  27.48 4,26 18.19

| [Range = 16.70 to 36.60]

Tear Strength (warp) 525 7.45 1.42 2.03
[Range = 3.20 to 11.70]

Tear Strength (fill) 525  7.46 1,15 1.32

[Range = 3.50 to 11.00]

»
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:ﬂ _1j { o APPENDIX B
i | DESCRIPTIVE STATISTICS RY AGE OF PARACHUTES
y B (RESERVE AND MAIN PARACHUTES COMBINED)
5 6 Years 0ld
) . . Variable N Mean  Std. Dev, Variance
i \ Break Strength (warp) 6 43,45 3.57 12.75
\ . [Range = 406.00 to 50.,00]
. Break Strength (fill) 6 39,50 3.01 9.09
Q’ﬁﬁf ? [Rahge = 36,70 to 45,00]
| !;’f g Elongation (warp) 6  23.05 3.7 13.77
R : (Range = 20.00 te 30.00]
; & Elongation (fill) 6 27.40 4,02 16,18
N [Range = 20.00 to-30.00] ;
. /f Tear Strength (warp) 6 6.80 0.78 0.62. ‘
'/§ [Range = 6.00 to 7.90] %
Tear Strenmgth (fill) 6 7.26 0.99 0.99 E
f‘ g [Range = 6.30 to 8,30] f
7 Years 0ld ¢
Variable N Mean Std, Dev, Variance %
Break Strength (warp) 90 45,86 3.44 11.89 ;
[Range = 33.00 to 52.50] %;t
/B f# 3 Break Strength (fill) 90 45,56 3.86 14,96 é%
; (Range = 36,50 to 53.30] §§
}: | 61 ki
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Elongation (warp)

Elongation (fill)

Tear Strength (warp)

Tear Strength (fill)

Variable

Break Strength (warp)

Break Strength (fill)

Elongation (warp)

Elongation (fill)

Tear Strergth (warp)

62

ﬁ”'>'Méan 'Std. Dev, Variance

90  25.70 5.83 34.01
[Range = 13.00 to 44,30]

90 25.93 4.66 21.77

" [Range = 16.70 to 35.80]

90 7.89 1.3 1.73
[Range = 5.10 to 11.30]

90 8.00 1.16 1.35
[Range = 5.40 to 10.80]

8 Years 0Old

N Mean Std. Dev. Variance

62 45.88 4,96 24.63
[Range = 31.00 to 62.00]
62 44,49 4,33 18.77
[Range = 35.00 to 54,00] |
62 23.88 4,42 17.03
{Range = 16.70 to 33.30]

62 26,34 4,12 17,03
(Range = 18.40 to 33.00]

62 6.94 0.97 0.94
[Range = 4.90 to 10.00]

62 6.94 0.96 0.92

Tear Strangth (fill)

[Range = 5.00 to 9,50]
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Variable

Break Strength (warp)

Break Strength (fill)

Elongation (warp)

Elongation (fill0

Tear Streng*h (warp)

Tear Strength (fill)

Variable

Break Strength (warp)
Break Strength (fill)
Elongation (warp)

Elongation (fill)

9 Years 0ld

N Mean Std. Dev. Variance
142 46,69 4,11 16,95
(Range = 31.60 to 55.00]

142 45,96 3.68 13,61
(Range = 35.60 to 54.00] '

142 24,85 3.63 13.20
(Range = 15.00 to 34.40]

142 29,03 3.681 14,56
[Range = 18,90 to 35.50)

142 7.49 117 1.38
(Range = 5.00 to 11,70] |
142 7.48 0.90 0.81
[Range = 4,60 to 10.60]

10 Years 0ld

N Mean Std, Dev, Variance
138 45,28 3.74 14,06
(Range = 26.50 to 53,00]

138 44,40 4,00 16.07
[Range = 25,00 to 52,00]

138 24,77 4,49 20,23
(Range = 16.00 to 35.50]

138 27.26 4,19 17.58

[Range = 16.00 to 36.60]
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Variable - N Mean Std, Dev. Variance

Tear Strength (warp) 138 6.95 1.39 1.93
[Range = 3.10 to 10.70]
Tear Strength (fill) 138 6.98 1.31 1.71

[Range = 3.70 to 11.00]

11 Years 0ld

Variable N Mean Std, Dev. Variance

Break Strength (warp) 169 45,47 4,02 16,16
[Range = 35.30 to 56.00]
N ; Break Strength (fill) 169 44,72 4,21 17.78

[Range = 33,00 to 56.00]

_ Flongation (warp) 169 24.71 3.86 14,95
 ~ g (Range = 13.00 to 33,30]
? Elongation (fill) 169 28,07 3.60 14,49
/- [Range = 20,00 to 35.50] |
Tear Strength (warp) 169 7.20 1,35 1.83
\ ' [(Range = 3.80 to 11.20]
Tear Strength (fill0 169 6.99 1.17 1.38

[Range = 3.50 to 10.30]

12 Years 0ld

Variable N Mean Std, Dev, Variance
Break Strength (warp) 119 43,680 3.41 11.65

[Range = 32.00 to 51.00]
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Variable

Break Strength (fill)
Elongation (warp)
Elongation (fill)
Tear Strength (warp)

Tear Strength (fill)

ﬁ- Mean Std, Dev.

65

Variance

119  42.60 3.38 11.48
[Range = 29.70 to 51.00]

119  24.80 3.87 14,99
[Range = 16.60 to 35.50]

119  29.34 3.89 15,18
[Range = 21.10 to 36.60]

119 7.61 1.35 1.83
[Range = 4.60 to 11.20]

119 7.39 0.99 0.98

[Range = 4,70 to 9.60]

P

i

B T s A A s < T s i B

e il S




CEd L

APPENDIX C

DESCRIPTIVE STATISTICS BY TYPES AND PANELS OF PARACHUTES
(RESERVE AND MAIN PARACHUTES COMBINED)
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APPENDIX D

DESCRIPTIVE STATISTICS BY TYPES AND AGES OF PARACHUTES
(RESERVE AND MAIN PARACHUTES COMBINED)
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APPENDIX E

DESCRIPTIVE STATISTICS BY TYPES,
PANELS AND AGES OF PARACHUTES

(RESERVE AND MAIN PARACHUTES COMBINED)
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Column Code

96

Column Coding

Explanation

A
B

£ € € -4 ».B TV T MM X L =T O

'Bore'Numbar

Sample Number

Parachute Type (Reserves are nunbered
1 and Mains are numbered 2)

Parachute Serial Number

Break Strength, Warp Direction,
Pounds

Break Strength, Filling, Pounds
Elongation, Warp, Parcent
Elongation, Filling, Parcent

Tear Strength, Warp, Pounds

- Tear Strength, Fi;;ing, Pounds

Lacafioh Co#e'

Panel Number

Age, Months

'ﬂ Number of Jumps

Suopanoion Line qunk Strength, Pounds
Suspension Linu,!lpnqotioh.i?orcent

Riser One, Break Strength, Pounds

" Riser Tuo, Break Strnhqth,-Pounda

Riser One,'hgq, Months

Riser Two, Ags, Nonihq




.cacuc,‘xr-bwmu-—')

C

32673
32673
12613
326173
12613
32613
277198
217198
271798
258555
28555
28555
28505
2780L2
27802
2t8u2
28502
28502

- ?28%5u2

2u502
28%02
28564

28504

28564
28599

28599 -
28507

285017
28507

- 27803

27803
27803
28598
28548
28%98
28542
285%42
28542
28602

28du2

268602
68039
68039
68039
68049
48528
48528
45528

D
43,0
44,0
4540
41.0
46.0
43.0
4440

4240

43.0
6540
42.0
45.0
42.0
3d.3
42.5
2.0
4240

44.0

5.0
43,0
43.0
0.0

49,0

«540
40.8
39.5
39,0
3%.0

_ “6.0

50.0
" 4840
45,0

7.0
6.0
%8.0

44,2

heal
“2.8

- 48,0

46.0
48.0
49,0
48.0

50.0 .

$51.0
55.0
53.0

52,0

E
41,0
45.0
4540
42.0
4640
45.0
40.0
39.0
4340
42.0

40,0 -
42.0

39.0

‘200’

42.0
40,5
38.0
43.0
43,0

46,0

44.0
46.0
44.0

41.0

40.0
42.0
36.0

3%.0

40.2
47.0
44.0

'46.0
T #4%.0

46,0
45.0
38,7

-38.9

38.8

45,0

48.0
47.0
49.0

5240
£0.0 -

46.0
50.0

46.0

50.0

E
30.0
28.0
28.0
28.0
30.0
30.0
2540
25.0
23.0
30.0
30.0
26.0
22.0

210
30.0

32,0
27.0
27.0

- 28.0 -

30.0

25.0

23.0

- 23.3

20.0

- 20.0
20.0

21,17

_52539
¢3.0

23.0
23.0
23.0
34.0
23.0

23,0
23.0

23.0

23.0

23.0
25%.0
20.0

'23.0

23,0
23.0
23.0
23.0
21.0
20.0

« |

O ~
.

¢« & 0o 5 & & & o
NON O W~ ®W

P O~ND®~d~O

1.0
8.1

S

Teb
6.5
Te7

97




D@~ WS WM

bt

7.00
7.60
6.00
T b5
1.80
T.70
8.20

8420

8.90
T.60
6.10
8.20
T.60
5.90

5480

5,80

670
$.90

6450
7.30
760

7.00 .
1.20 .

7.20

9,20

9.40
7,30
7.70
8.10

1.20
7.10

T.40
8.00
8.40
7.40
6.80

6060'

6.40
8.90
750

7.80

8.90
8.50
6,80

1.80
Tokd

8.10
b.80

135

135
135
135
135
135
135
136

136

136

- 135 .

135
135
135
133
135

135

135

138

13%

135

135

135
138
135
13%
133
135

138
136
136

136
135
135
138
138

i
13%

13

13%

135
123

123

123
123
123
12)
123

98




A D R

POg ok

C

323y

323%
14541
Subh07
Sus67
53607
54607
53607
50701

50701

50701
74395
74395
13411}
136411

13411
YT
el

13411
27383
27383
27383

41316

4i3le

25299

54718

$4710
1019y

§7 199
57199
S468H

+ Thé&S)

TadhH 3
T«b53

2911S

26443
26643
206443

21617

Zvdy?
24740
23691
29691
20334
57
ANryL)
26870
2&131R

g

42
40
50
“8
49
91

50

51
47
43
7

48
- 49

52

52

53
%4
31
51
52
4«9

- %2
&9

47

52

93
51
49
40
&)

47
- &9
. &8
&9
at

&7
48
&8
&8
&%
&0

&b

&2
&6
0
&b
5%
45

F

17.0
17.0
23.90
20.0
21.9
21.0
20.G

230

20.9
23.0
23.0
23.1

23.0

23.0
20.0
23.0

200
23.0
23.0
18.0

117.0

20.0
13,0
1.0
23,0
20.0
23.0
23,0
16.0

110

20.0
23.0
23.0
21.0
20.0
21.0

23.0

27.0
271.0
20.0

16.4

20.0
0.0
24.0
3.0
16.8
20.0
20.0

(- -2
. ®

x

Oooo.o‘

»

*

® & % © o = o W o ¢ *» o o

- -4
* »
s

b, %

7.2

O «d ¢
. .
- N o

7.3

8.9
1.5

0.5

5.8
7.3
t.8
8.9
6.0
Gt

R T¥ 4

6.9

6.9

1.1
1.4

1.9

6.2

CEEE AT ACD GPENANP NP N
.
ﬂwﬂNtcNﬁ‘OWQOUJNCOOO‘\ﬁWC D WO

99

fome

1.30
.40
7.10
7.90
650
.10
4.90
6.70
5.70
5.80
4.90
6.60
5.90
1.70

- 6.20

1.50
1.50
1.40
7,00
8,20
1,50

~T.10

.10
T.10

- 6490

5.90
5.60

_8.00

6.70
5+90
$.20
b.25
b &0
5.35
8.20
6. 70
8.70
6.20
6.00
5.60
6.30
4.20
5.90
6+30
62 %0
8.20
T.860
1.%0




49
50
51
52
53
54
55
b6
57
58
59
60
61
62
63
64
65
66
61
68
69
70
71
12
73
14
75
16
17
78
79

80

81
82
83
B4
85

g6 .
87
88"

89

90
91

w2
93
g4
95

496

wwuwwwwwwwwuuumwwmwwmwwuww-—p-.---o--.-n--o-o.-.-—.-u---.-.-.-.-----.---— I~

115
115
119
115
115
115
115
115
115
115
115

- 119

119
104
104
104
104
104
104

97

97

97

82

82

15
111
111
114
114
114
112
119
119
119
137
137
137
137
136
137
138
137
137
137
.36
136
137

139
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APFPENDIX G
ONE-FACTOR ANALYSIS OF VARIANCE t
COMPLETELY RANDCMIZED DESIGN |
RESERVE PARACHUTES
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ANALYSIS OF VARIANCE FOR VARIABLE HBREAKWAR

SOURLE

ERROR
RESTDUAL

CORRECTEL TOTAL

TESTS SOURCE
NUMERATUR YEAR

CENOMINATUR ERROR

YEAR

CoO~ND>

10
11
12

DF  SUM OF SQUARES MLAN SQUARE
6 8T0e0959 145.015983
194 2255.53664 11.6264178
194 2255.5 3664 11.6264178
200 3125.63254 15.628163
DF  SUM OF SQUARES MEAN SQUARE
6 870.09590 145.015%98%
194 2255.53664 11.626475
F VALWE PROL
12.472% va. LUl
L8y 0L LSD 9%
2.3294(383 le 766LT595
MEANS )

N BREAKWAR

1 50.0000000

8 49,1250000

13 49.6153846

22 50.,3181818

3G 45.,9487179

63 4843492063

5% 44.,50727217

201  47.1686%67

OVERALL MEANS

e,

LA NS ] PP et
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ANALYSIS OF VARIANCE FOR VARIABLE BRcAKFIL

"SOURCE T 7 TDFE SUM OF TSQUAREST T MEAN SQUARE
YEAR 6 1255.25305  209.208841
ERROR 194 | 2842416377 14.,650329
RESIDUAL 194 7 772842163777 T 144650329
CORRECTED TOTAL 200  4097.41682  20,487084
TESTS SOURCE  DF SUM OF SQUARES  MEAN SQUARE
NUMERATUR YEAR ) 1255.25305  209.,208841

DENUMINATOR = ERROR _ 194 2842.16377  14,650329
F VALUE  PROB  F
14.26015 0.0001

CTLSETVOLTTTT T USL wus T

2.61483479  1,98248291

 MEANS N ——
YEAR . N BREAKFIL
6 ) 1 45,0000009
7 8 4648750000
8 13 49.9230769
9 ¢ 22 49,4090909 :
10 39 464,1794872 :
0 e et f
12 _ 55 42.8854545 :

j
!
i
}
1
3
1

S G e S weh G G WY G G I NS s W GO W G G W N R G A D TR T G T W Pe e

OVERALL MEANS 7 201 7745,90%%s801"
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ANALYSIS OF VARIANCE FOR VARIABLE ELONGWAR
"SOURCE DF SUM OF SQUARES  MEAN SQUARE"
YEAR T T T e T T 356.387153 0 59,3979213
ERROR 7194 7 '2481.13914 12.7893770
RESILUAL 1947 TTT2481.13914  12.7893710
CORRECTED TOTAL 200 2837.52667 14.1876333
TESTS SOURCE DF  SUM OF SQUARES  MEAN SWUARE
NUMERATOR YEAR 6 356.38753  5$9.3979213

OENOMINATOR ERROR 194 2481,13914 12.7893770

. F VALUE | PROBF

64432 . 020004

il TLSD J0S T

- 2.44312382 1.85229778

MEANS -
_VEAR N ELONGWAR
6 1 30.0000000
7 8 21.1250000
8 13 25.0769231
9 C 22 22.5454%45
10 . 39 21.6666667
11 63 23.,9385079
12 o 55 24,6581818

OVERALL MEANS 2017 T23,999535y

C am——. - tea—

PRSI S, SITRL IS R PRI T

)
4
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DENOMINATUR ERRUR 194
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ANALYSIS OF VARTANCE FOR VARIAaLé‘ELUNsrtL

"SOURCE OF SUM OF SUUARES  —~ MEAN SGQUARE™
YEAR B 624,94502" 1044157503

ERRUOR 194 2262.73657 T 11.6635v1

RESIDUAL 7 71947 77 T2262.T3651T T 11.663581°
CORRECTEL TOTAL 200 2687.68159 l4.438408

SUURCE OF SUM OF SQUARES  MEAN SQUARE

P ovALue

8.93014

i o, e st e s+

—mUepTIOTT

2¢3331 1044 1.

MEANS
YEAR . N ELONGHLL
6 1 20.0000LUVO
7 8 2642500000
8 13 V6923477
9 . 22 28.7721211%
0 .39 26,12820%1
l1 63 29.7936508
12 5% 30,236 3034

D D W A W A G G W i @ NS S G b S D

TOVERALL MEANS T T 7720177 TZeT9601y90

v — e vae - —. e . ————as -

NUMERATQOR YEAR 6 624.945Q2 104.15750L3

2262,73657 114663591

PKPU F
¢, 0001

TLSD VS

T6bB451Y

.

l,-' Wg“ o i R pasar 4 0

e,

&

Fi
’
¢
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CANALYS1S OF VARIANCE FOR VARIABLL TEARWARP

"SOURCE™ 7 7 T OF  SUNTTTSUGARES T T MEANTSQUARE
YEAR C6 23.972192 3.99%36527
ERROR 194 158.043778 0.81465865
RS TDUAL 7194 7T 158.043778 7 T0.81465864

CORRECTEL TOTAL 200

AR e et 5% e s ot e L pupe

SUM 0OF SQUARES

TESTS SOURCE DE
NUMERATOR YEAR K

DENOMINATUR  ERKOR _ 194

MEANS

@ Ve b et

182.015970

0915079465

- e s e

MEAN SQUARE

99%365217

81465865

23.972192 3,
158,043778 9.
F VALUE
44904 34
TTTTTUsSETIoLT

PROB b

0.0602

W s e o

LSG .05

Q.0l66UTIBY 467491 140

SN L. TEARMARP

1 7.900000G0
8 BeUITHOUOD
13 6.70769231
22 7.37954545
39 __ 6.53461538
63 7.043650179
5% 7.196363064

o G A W G D WD U GBSl B O GP W% MR W 1B A s A M G W W O W N de E e

"UVERALL MEANS

e

201 T 7.04%52239

e erd teenl 2
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ANALYSIS OF VARIANCE FOR VARIABLE TEARFILL

SCURCE CT DR SUMTOF TSQUARES T MEAN SQUARE
YEAR 6 650734596 109557660
ERROR 194 140.487071 0.T7241602
RES [VUAL 194 1 140,48707T1 ~  (.T7261602
CORRECTEL TOTAL 20U 206.221607 1.0311083
TESTS SOURCE CF SUM OF SCUARES  MbAN SGUARL
NUMERATUR YLAR 6 65.7134596 10,955 7660
DENUMINATOR  ERk IR 194 C1eULBTUTL 0. T241602
£ vAlLut PRUA b

19.12853 C.u00l

(5 VRN 7 S WP PR V)

GeivlInuses Gatnyg?sléb0

Mg AnS

YEAR L LN LU TEAREILL

b 1 8.30000L00
7 8 8.3125G00D :
v - 22 T.39545655 g
10 . 39 b.101208205% g
1 &) 6.55793651 i
12 5% 7.17000000 ;
- OVERALL MEANS 201 6.18312333 ¥
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ONE-FACTOR ANALYSIS OF VARIANCE

COMPLETELY RANDOMIZED DESIGN

MAIN PARACKUTES
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ANALYS!S OF VARIANCE FOR VARIABLE BREAKWAR

SOURCE ~ T TTHETTSu TOF STULRES T T MEANT SQUARE”

YEAR 6 %46.07930 91.013216%
ERROR 518 7155.65240 T 13.812842>
RESTUUAL 518 T155.05260 7 T 1306128425
CURKLCTEL YOTAL S2é 770113370 14.6966162
TESTS SOURCE LF  SUM GF SQUARES  MpAN SQUARE
NUNMERAT{S | YEAR t 46, 0TYIU 9l.ul3216>
UENOMINATOR ERKUR  S1y  T155.05260  13.812842>

| F ovalut PRUL

645596 0.v001

TTTUSLTIOT T T LSO LG5

Le509ub00Y 1e192329461

NEANS
YEAR N BREAKyAR
Y 5 “2. 1400000
1 82 45.9546341%
8 (%] &4, 9000000
9 - 120 46.02600087
10 . 3.99__m_§5.§253a26_
11 1006 43, 7613208
12 (X 43.195312%
X X X XX e Y e WD w W s G T 0w D @ o A T L L T
OVCRALL MEANS 529 &, 5179068

[T S S L P
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ANALYSIS OF VAKIANCE FOR VARIABLE BREAKFIL
CSOURCE T T TTTTOF TSUM OF SQUARES ™ MEAN SQUARES
YEAR B "860.65105  143.441841
ERROR 518 6544,.59741 T12.0634358
RESIDLAL T818 T 65645974 T TTTT12.634358
CORRECTSL TOTAL 824 T405.24846 14.13215¢4
T&578 SOURCE  OF  SUM OF SQUARES  MEAN SUQUUAKE
NUNERATIR YEAR & 660.6510% 163.461891

: OENUMINATUR ERROR 518  _ 6540.59741  12.634354

_F VALUE ROt r

11.38330 . 0.9001
Sy B g memmm——— . A
“USGTVUTTT T LSD L0

1.50063896 l.14933222

MEANS - T
! _

YEAR oW BREAKFIL

s s 38.4000000

7 62 45,434148)

8 49 43,0408106)

9 . 120 «%5,3391667

10 e 99 44.5000000

11 ios ¢3.1087170

12 64 «2.367T1875
OVERALL MEANS 777 83§ T 44 1017163
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ANALYSIS OF VARIANCE FUR VARIABLE ELONGWAR
SUURCE T TDF T SUM T OF T SQUAREST T MEAN SCGUARE
YELR 6 330.66599 55.1009978
ERRUR 518 9575.79013 18.4b6%513
RES [DUAL 518 9575.79013 77 1B.4B6URLS
CORRECTEL TuTaL 524 9906439611 18.9053361
TeSTS SOQURCE OF SUM UF SQQARES MLAN SQUARE
KRUMERATOR YEAR & 330.60%99 $%.1009978
LENUMINATUR  ERKOR 518 9575.79013  18,4b606L3
F vaAiut PRQCH ¥
2.98067 0,074
TSR W00 L0 e
1.01519032 Ledl93s028
NeAnS
YEAR N ELUNGuWAR
3 S 2l.66000:)
1 w2 28.146341,
8 &9 23.573806494 ;
9 120 25.2175009 .
10 3§ 26.0056505 :
1 106 25.1801887 ;
12 o4 26,9296515 H
fmmeammcacmememcme—eeaccemmesa——-e
j
GVERALL MEANS 92%  25.2948571 ¥
X
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ANALYSIS OF VARIANCE FOR VARIABLE ELUNGFIL

SOURCE - TTDF T SUNM OF SQUATES T MEANT SQUARL

YEAR 6 876.8163T7  146.136161
ERRUR 518 8657.10216 16.712552
RESTLUAL 5187 B657.1621&8 777 1e.712842
COMRECTEL TOTAL 524 9533,91912 18.194502
TL3TS SOURCE  DF  SUM OF SQUARES  MEAN SUUARE
NUMERATUX  YEAR & 875.81697  146.136161
DENUMINATOR  ERRODR 518 8657,10216  16.712%52
| F vaLug PROE F
8274410 devuls

‘“LSu'.ﬁT“‘V LW wud

172992163 1.311%2344

R O

MEANS
YEAR N ELONGFIL
6 5 28.8800000
1 82 25.90731 71
8 oy E5.1959184
9 120 2%,08008333
(I 99 27.7080608
1 {66~ 21.0463264
12 64 28.5203125
UVERALL mEaNns 52% 27.4883810
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ANALYSES OF VARIANCE FOR VARIABLE TEARWARP

SOURCE O TTTDFT SUMTUF T SGUAREST MEANTSGQUAKE
YEAR 6 58.50919 9.75153181
ERROK 518 1008.92993 1.94774118
CRESILUAL T T TTALIE T 10084929937 1.94774l1s
CORRECTEl TOTAL 524 1067.43912 2.0370275%¢6
TESTS SUURGE LF  Sym OF scuaxés MEAN SGUARE
NUMERATOR YEAR 6 S4.50919 9.79143161
DENOMINATUR  ERROR 518 1u08.92993  1.9ellslin
F valuc PRGY ¥

5,003 Dot

““““{su”;af‘“ RN PR

U.9B9203686 0. 4R2T 30 2s

ME AL
YEaR R TEARNARP
1 82 1.83048739
B - 69 T.01224490
9 : 120 7.31%00801
10 o L9 7.12620626)
i1 1ut Te u3¥1i358
12 &4 1.96562503
{
§ : . ' - o
3 OVLSALL MEANS : 5% 1.4550&8782
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ANALYSIS OF VARTANCE FOR VARIABLE TEARFILL

TSOURCE T OF

YEAR o 6

ERROR 518

T T T34,918290

SUN GF SQUAREY  MEAN SQUARE

5.81671497

T 660.,874739 1.2758199¢

‘RESIDUAL ~ 7 7418

CORRECTED TOTAL 524

660.8741739

T695.793029 7 1.32784929

TESTS SOURCE  UF

NUMERATOR YEAR b

DENOMINATUR  ERROR 518

MEANS

"OVERALL MEANS T

PRSI DU R

525

SUM OF SQUARES ~ MEAN SGTUARE

. 34.918290_ 5.81971497

6604874739 1.27981996

PROZ2 - F

0,4003

(so—.ol TLsE La%

v e mmem 4 e neaeme g m——

T 0.4T768639217 00362367690

N TEAREILL
% 6.96000000
82 Te376829217
49 T.15102041
120 749666667
99 7.33030303
106 Te26226415
64  1.59375000

PPN

T 46742657

© b e e m—————h s bt S 8 oA iias bips d e

e e U

. e
ETE
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APPENDIX I

ONE-FACTOR ANALYSIS OF VARIANCE

COMPLETELY RANDOMIZED DESIGN

RESERVE AND MAIN PARACHUTES COMBINED
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1

" ANALYSIS OF VARIANCE FGR VARIABLE BREAKWAR

YEAR I - ©597.1527 7 99
ERROR 719 11032.8275 15

RES TLUAL T 19 U UTTTITG3E 82757 1S

144

;"§buRtE T TG USUMTOF SUUARES T TMEAN TSWUARE
¢9254515
« 3446836

« 3446836

CORRECTED TOTAL 725 11629.9802 16.0413520

TESTS SUURCE _ DF SUM OF SCUARES  MEAN

SQUARE

NUMERATOR  YEAR &  597.1527  99.5254515

_DENOMINATOR = ERXOR 719 (11632.8273 15,344683¢

JB_VALUE  PROBF

“pQQBSQQUU_

et s DDA . e st s e Sem

0.5001

SISO TULSY W U5

1440295601 1,060650734

B -

" MEANS

YEAR .. GREAKWAR _

6 .. 6 43.4500000

1 90  45.8644444

8 62 45,88870917

9 142 46.6915493
S0 . 138 45.2855072
11 1697 7T45,4715976
12 119 43.8016807

- D S W T G L G M G N I VIR S G A T WS ST U U i S A M W G W W U

COVERALUTMEANS 77T TTTIZ6 a5 4687326 7
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ANALYSIS OF VARIANCE FOR VARIABLE BREAKFIL

SOURCE % = " TTTEET SUM TUF SGQUAREST T MEAW SGUARE
YEAR 6 986.9575 164.497918
ERROR 719 10987,8021 15.282061
RES IDUAL COTIIe T T T0987 02T T 15282061
CORRECTED TOTAL 725 11974.7897 16.516951
TESTS SUURCE DF SUM UF SQUARES  MEAN SUUARE
NUMERATUR  YEAR 6 986.9875  164.497918

DENOMINATOR ERROR 719 = = 10987.8021 —  15.26206l

- F VALUE PROY F
TOTLRSTTO0TTT T LS wub

T 144000902277 1.06432819

MEANS
CYEAR N BREAKFIL _
6 6 3945000000
7 90 45.5622222

8 62 44.4838710 ;
9 142 45.9697183 g
o 138 4444094203 !
11 169 44,7224852 b
12 ‘ 119 42.6067227 3
" OVERALL "MEANS 7T 726 T 446006887 §
. e —— - 3

oy
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ANALYSIS OF VARIANCE FOR VARIABLE ELONGWAR
"TSOURCE T DF SUM OF SQUARES ~MEAN SQUARE

YEAR 6 T T 14443826 24,0637711
ERROR 719 © 13050.5601  18.1509877
RESTDUAL TTI19T T 13050456010 18.1509877
CORRECTED TOTAL 725 13194.9428 1841999210

TESTS SOURCE DF SUM OF SQUARES  MEAN SQUARE
NUMERATOR YEAR 6 144.3826 24,0637711
UENOMINATOR  ERROR 719 13050.5601 _ 18.1509877
F VALUE _ PROB  F

1432576 0.2421

LSOV T T LSD G0s

1.52586174 1.15993786

- MEANS
YEAR LN ELONGWAR
6 6 23.0500000
7 90 T 725.7000000
8 62  23.8887097
9 ‘ 142 77 24,8542254
10 138 24.7789855
il “169 2L TTE5680
12 18 26.8042017
“OVERALL MEANS T[T YL I i
§
o N iP“-I .




147

" ANALYSIS OF VARIANCE FOR VARIABLE ELONGEIL
CSOURCE ™ T T TR TR UM DF SQUARES  MEAN SQUARE ™

i YEAR 76T T 9B7.8775  164.646253
ERROR 719 11748.5901 16.340181
RESTDUAL ‘ M9 T TTIIT68.59017 7 T T 16 3%010dL T
CORRECTED TOTAL 725 12736.4676  17.567542

TESTS SOURCE DF  SUM OF SQUARES MEAN SQUARE
NUMERATOR YEAR b 987.8775% 164.646253

. DENOMINATUR _ERROR__ 719 _  _ 11748,5901 16,340181

.- - - 4e - Snpmt—ve- w

FVALUE 0w
) 1_01076.“.6 _ ' Q.ul0l
TTUSHTLOT LSO 435

L.467749147 7 141Cu55028

MEANS ~ T T o

e YEAR e N _ELONGEIL
6 } 6 27.4000000
7 50 25.9377778
8 , 62  26.3483871
9 - 142 29,03309H6

10 .. . 138 27.2601449
1l 169 2870704142
12 _ 119 2943403361

" OVERALL MEANS 7T 36 T 27.8958678

R N SRR A a0 s Yy B B e v

AR e
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ANALYSIS OF VARIANCE FOR VARIABLE TEARWARP

T SUURCE

TTTTDE TSUMTOF TSQUARES T MERR SQUARET

YEAR 6 73496513 12.3275211
ERROR 719 1199.86696 1.6687997
RESTLUAL T T TT1199,86696 1 6687997

CORRECTED TQVAL 725

1273.83208 —  1.7570098

a— e

TESTS SUURCE  UF SUM OF SQUARES

NUMERATOR YEAR

DENOMINATOR  ERROR __ 719

MEAN SQUARE

6 73496513 12.327%211
1199.86696 1,668799T

F VALUE  kRCB ¥
7.38706 UeLGO1

TSI 0T " LS TUb

T0.4626655587 04351711750

© amase wane e

© ame e

_YEAR_ N TEARWARP
6 6  6.80000000
7 90 7.8944444¢
8 62 6.94838719
9 162 "7.49330980
10 138 6.959057197
11 169 7T 7, 70686473
12 119 7,61008403

'GVERALL MEANS

———

o- ————

126 T 1. 34166667

) e AT o SN AN s



145

ANALYSIS OF VARIANCE FOR VARIABLE TEARFILL

SOURCE ' DFTsuM OF "SQUARES T MEAN SQUARE
YEAR 6 87.,451178 14.5751964
ERRUK 719 862,585905 1.227518¢6
RES IUUAL 719 T 882,585905 1.2275180
CORRECTED TuTAL 725 970,037083 1.337982¢
TESTS SOURCE DF SUM OF SQUARES  MEAN SQUARE
NUMERATOR YEAR 6 §7.451178 1449051964
CENOMINATOR  ERROR 719  3B2,585405 1.2275186
F VALUL _ prOB F
11.87371 Q.i:001

Dt et

S 17 MPYY ) SR R IRV

G.3968UBE36  V.3UlE4bHYS i

e dlS %

YEAR . LN TEARFILL 3
6 6  T.2666b667 K

1 90 8.00066L67 ¥

8 62 694193548 4

9 . 142 T7.48096592 !

v . 138 6.98297101 %
11 169 6.9997041¢ 2
12 11y 1.39789916 .

OVERALL MEANS 726 1.27803030




B
.
-

APPENDIX J

TWO-FACTOR ANALYSIS OF VARIANCE

RANDOMIZED COMPLETE BLOCK DESIGN

RESERVE PARACHUTES

. )
k H
: N
3
<
[
2

i
3
i
.|'
}%
*
;
2
-~ ‘
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MEANS

PANEL N BREAKWAR

1 45 ¢7.2511111
2 58 ©7.0310345
3 23 46.4782609

YEAR

? 4 48.5000000

8 12 49.91060667

9 8 %0.1250000

10 24 45,458333)
il 50 47.9600000
12 28 44,289285%7
LSL .0} LSO .05

3.1337833% 2430927745

151

)
‘(fsﬁd"w"; ;%Z;MMK«;’:‘NJ.;A«JAMJWIM L

s
Lz -

B
foS

gt
R4
F oy
e

b



PP Y AT P e e Aﬁo}..\,;c‘%mmhv.
. it
K ‘..

o
2 0R19L00°51 £OBEH*0G91 011 NONED  wR1ERIAON 4D
465L°0 089129°0 SISLIEE"® 10959°%¢ 6 Alaydewvia  »nlendean
0615L00°61  608€870%91 011 ¥ONE3  WILVE AN an
$Z9L°0 L9%0E°0 O0Z%€TLG°% 89991°6 2 C13vwd wLTEIAON
0619200°G1  608EA*0591 011 ¥ONYD  OSVNTAGUID
1000°0 AwLE9°9 2221219766  19€90°BA% s  wvis st
3 e0ud 3NTYA 4 INYNDS WY3IW  SIEVODS 40 WNS 40 igmnos $15%1
2€09198°L1  0%00L°2€22 s21 WLRL 1313790
0619400°61  608€8°0591 011 WANI S 3N
0619L00°GT  608€8°0591 0i1 apnd
S1GLIFE"G 10%¢9° 4} 8 1Ny de YT aA _
0Z9€2LS "% §99%1°¢ 3 13y e —
2221219°66  19€9n°86% < wrah
JYYNOS NVIW S3uYNDS 40 wWNS 40 IRNYS

KYANYIEE I18YINYA ¥04 IONVINVA 20 $1SAT7HV.

« - : . |
- U




153

MEANS

PANEL N - BREARFIL
45 46.215555%8

!
2 58 45.9051724
3 23 44,96956%2

-"0--‘Q"'Ow-‘---‘-‘uu——«onq“n-—u---ﬂ’ﬂou

YEAR
? & 45,7500000
$ 12 50,1666067
% 8 49, 1500000
10 ra §3,958333)
i 90 «1.0000000
1 ok %24 3642057

e amwam— o mms e

Lsh <01 LSS 0%

3.09782600 234209307

3
§
§
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MEANS

PANEL N ELONGWAR

1 5 23,5933333
2 58 23.0172414
3 23 2247956522

YEAR
7 4 19.0000009
8 1e 24 .00606067
9 8 21.,315G000
10 ' 2% 20.,29106467
19 50 23.8400000

12 28 24.,96428%7

B L L . R N R R L

LS6 .01 LSD LU

2.79019%47 2410951138
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PANEL

MEANS

45
58
23

——— e - e e e -

LSL 01

2.73418508

ELONGFIL

29,2000000
29.4482759
29.0434783

22.5000000
30.7500000
28.7500000
26.,916660617
29.7400000
31.0000000

LSD .05

2.06761837
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MEANS
PANEL N TEARWARP
1 45 7.08555556
2 58 7.05689655
3 23 £.93043478
YEAR
7 4 7.90000000
8 12 6.72500000
9 8 7.86250000
10 26 6.64166667
11 50 7.00300000
12 28 7.24285714
LSD 401 LSD 05
0.712156117 0.538421512

L T U L D, ST SO Y
R AR TE S o R AR e S R
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MEANS

PANEL N TEARFILL

1 45 6.91777778
2 58 6.63275862
3 23 6.42173913

e Y ekt e et e L T Pl T Y

YEAR
7 4 8.82500000
8 12 6.12500000
9 8 7.81875000
10 24 5.93541667
11 56 6.54200000
12 28 7.24285714

. - o ——— e = = R L L LT

LSD «0l  LSD .05

0.652417719  0.493256629
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APPENDIX K

TWO-FACTOR ANALYSIS OF VARIANCE

RANDOMIZED COMPLETE BLOCK DESIGN

MAIN PARACHUTES

s AT A 0 AL AN

N

R
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1F4

MEANS
PANEL N BREAKWAR
1 21 %3.T6066667
2 51 4441372549
3 50 44.9560000
4 47 “9,8361702
5 40 44.7600000

AR S W G e AN P W VT T WS WP W T N WL WD B R T TR WS WD GR VI T S O S R W TN

YEAR

6 $ 42.1400000

7 40 46.0700000

8 10 4©4,1200000

9 30 46.8960667

10 45 ©4,9866667
i1 70 43.1285%714
k2 15 40.8800000
LSO 0L LSO .05

2.4022445%7 1.82078552

A A i1 e
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BREAKFIL

44,2740741
43.8421373
44.3920000
23.6957447
%4,0675000

38,4000000
46.,2175000
«4, 3300000
463500006
44,5844444
277129
39.713330

“““““ IR ——

L50 .03

2.04574585

MEANS
PANEL N
1 27
2 51
3 50
4 47
5 40
YEAR
6 5
Q 7 ~°
F 8 ‘0
by 30
10 a5
3 10
12 is
N & :  *
;
LS50 .01
)
 2.89904423
A §
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HEANS
PANEL N ELONGWAR
1 27 21.0037037
2 51 25.9960784
3 S0 26.2840000
4 47 25.87¢4581
5 40 2641250000
YEAR
s 5 21.6600000
7 40 28,4250000
8 10 29.3400000
9 10 262864667
10 &5 851t
it 70 35.0500000
12 13 £3.0500000
130 .01 LSD .08

3.13826272 2.3786373)
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MEANS

N

27
51
50
47
40

ELONGFIL

253444444
26.4196078
27.1380000
27.3765957

26.3350000 °

e P S G . P - e WP N W —y - D DS TP - -

LsD .01

2.75351906

28.8800000
25.°.825000
¢7.2800000
27.7033333
27.1288889
26.4028571
26.9400000

LSD .05

2.08703518
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MEANS

PANEL N TEARWARP

1 27 7.98518519
2 51 7.19215686
3 50 7.28800000
4 41 T.27234043
5 40 7.64250000

- - g S A D S TS G D WD G T Ve G G WD G D B S WY A W - -

YEAR
6 5 6.58000000
1 40 7.94250000
8 10 7.10000000
9 30 7.77333333
10 45 7.02222222
11 70 T.34285714
12 15 7.30000000

A —— - v e - . Tt A - . .y A e = s & e -

LSO .01 LSO +05

0.904461801 0.685538530
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» NI MEANS

PANEL N TEARFILL

1 27 7.71111111
2 51 T.43725490
3 50 7.21000000
4 47 T.45744681
5 40 71.83000000

Y
5
(

L D G e D U W S S W W . W G W R W G D D G A S G S S Y

YEAR
6 5 6.96000000
7 4 8.14250000
8 10 675000000
9 30 7.83000000
10 45. 7.23111111
11 70 T.41142857
12 15 6.97333333

LSD .01 LSO .05

0.778701127  0.590217948
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~ APPENDIX L.

THREE-FACTOR ANALYSIS OF VARIANCE

RANDOMIZED COMPLETE BLOCK DESIGN

MAIN PARACHUTES
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MEANS

N
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- n N w E» --
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MEANS
PANEL N ELONGFIL
| 27 2543444444
2 51 26.4196078
3 50 27.1380000
4 47 27.3765957
5 40 26.3350000
Jump

1 40 27.1000000
2 20 2645200000
3 15 2643333333
4 10 2543700000
5 15 25.8066667
6 20 25.0650000
7 10 29.0600000
8 15 266133333
9 35 28.5400000
0 35 25.3857143

YEAR
6 5 28.8800000
7 40 25.1825000
8 10 27.2800000
9 30 27.7033333
10 45 27.1288889
11 70 2644028571

12 15 2649400000

LSO .01 LSO .05

2.70593262 2.04281342¢
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MEANS
PANEL N TEARWARP
1 27 7.98518519
2 51 7.19215686
3 50 7.28800000
4 47 T.27234043
5 40 7.64250000
JUMP
1 4Q §.06000000
2 0 7.60500000
3 15 1,846565667
4 10 8452000000
5 15 7+61333333
& 20 6.84500000
7 10 5.83000000
8 15 TeT76666667
9 35 64.98000000
10 35 7.04857143
YEAR
6 & 658000000
7 40 7.94250000
8 10 7.10000000
9 - 1 | T417333333
10 “9 7.02222222
11 10 74342841714
12 15 7.30000000

LSO «01 - LS80 .05

0659732282  0.494062551
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MEANS

PANEL N TEARFILL
1 27 7.71111111

2 51 7443725490

3 50 7.21000000

4 47 7.45744681

5 40 7.83000000

JuMp

1 40 8.04250000

2 20 7.500Q0000

3 15 T.766645667

4 10 1.88000000

] 15 T.77333333%

(-} 20 7.32000000

7 10 6.13000000

8 15 7.80000000

9 33 1.28857143

10 35 7.09428571

YEAR

6 5 6.96000000

7 40 8.14250000

8 10 6.75000000

9 30 1.83000000

10 45 T.2311111
il 10 T.41142857
12 ) 15 6.97333333

LSO .01 LSO .08
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